Non-vanishing boundary localised terms significantly modify the mass spectrum and various interactions among the Kaluza-Klein excited states of 5-Dimensional Universal Extra Dimensional scenario. In this scenario we compute the contributions of Kaluza-Klein excitations of gauge bosons and third generation quarks for the decay process B → X s + − incorporating next-to-leading order QCD corrections. We estimate branching ratio as well as Forward Backward asymmetry associated with this decay process. Considering the constraints from some other b → s observables and electroweak precision data we show that significant amount of parameter space of this scenario has been able to explain the observed experimental data for this decay process. From our analysis we put lower limit on the size of the extra dimension by comparing our theoretical prediction for branching ratio with the corresponding experimental data. Depending on the values of free parameters of the present scenario, lower limit on the inverse of the radius of compactification (R −1 ) can be as high as ≥ 760 GeV. Unfortunately, the Forward Backward asymmetry of this decay process would not provide any significant limit on R −1 in the present model.
I Introduction
Standard Model (SM) of particle physics has almost been accomplished by the discovery of Higgs boson at the Large Hadron Collider (LHC) [1, 2] . However, the SM scenario is not the ultimate one, because there exists several experimental data in various directions, such as massive neutrinos, Dark Matter (DM) enigma, observed baryon asymmetry etc., that cannot be addressed within the SM. This in turn, ensures that new physics (NP) is indeed a reality of nature. Moreover, experimental data for several flavour (specially B physics) physics observables show significant deviation from the corresponding SM expectations. For example, in B-physics experiments at LHCb, Belle and Babar have pointed at intriguing lepton flavour universality violating (LFUV) effects for both the charge current (R D ( * ) [3] and R J/ψ [4]) as well as the flavour changing neutral current (FCNC) (R K [5] and R K * [6]) processes. In the latter case, involving processes are described at the quark level by the transition b → s + − ( ≡ e − the electron, µ − the muon) which is highly suppressed in SM. Therefore, even for small deviation between the SM prediction and experimental data, these types of observables have always been very instrumental to probe for the favorable kind among the various NP models that exist in the literature.
Following the same argument, an inclusive decay mode B → X s + − has been considered as one of the harbingers for the detection of NP scenario. The reason is that, this decay mode is one of the most significant and relatively clean decay modes. In most of the cases, experimental data for several observables for this decay mode have been more explored for two regions of di-lepton invariant mass square q 
The SM predictions for the above quantities are [10] Br(B → X s + − ) 
Apart from the branching ratio, there exists an elegant observable for the process B → X S + − ( = e, µ) which could help for the detection of NP scenario. This is called 
1 These experimental data have also been used in two recent articles [7, 8] in context of the same decay process.
while the corresponding SM expectations are [11] [12] [13] A 
Therefore, from the above data it is clearly evident that the SM predictions for the respective observables coincide with the experimental data within a few standard deviations. Hence, by investigating these observables one can search any favourable NP scenario and also tightly constrain the parameter space of that scenario. With this spirit, in this article we evaluate the decay amplitude for the process B → X s + − in an extra dimensional scenario. In literature one can find several articles, e.g., [7, 14] which have been dedicated to the exploration of the same decay process in the context of several BSM scenarios.
In the present article we are particularly focused on an extension of SM with one flat spacelike dimension (y) compactified on a circle S 1 of radius R. All the SM fields are allowed to propagate along the extra dimension y. This model is called as 5-dimensional (5D) Universal Extra Dimensional (UED) [15] scenario. The fields manifested on this manifold are usually defined in terms of towers of 4-Dimensional (4D) Kaluza-Klein (KK) states while the zeromode of the KK-towers is designated as the corresponding 4D SM field. A discrete symmetry Z 2 (y ↔ −y) has been needed to generate chiral SM fermions in this scenario. Consequently, the extra dimension is defined as S 1 /Z 2 orbifold and eventually physical domain extends from y = 0 to y = πR. As a result, the y ↔ −y symmetry has been translated as a conserved parity which is known as KK-parity = (−1) n , where n is called the KK-number. This KK-number (n) is identified as discretised momentum along the y-direction. From the conservation of KKparity the lightest Kaluza-Klein particle (LKP) with KK-number one (n = 1) cannot decay to a pair of SM particles and becomes absolutely stable. Hence, the LKP has been considered as a potential DM candidate in this scenario [16] [17] [18] [19] [20] [21] [22] [23] . Furthermore, few variants of this model can address some other shortcomings of SM, for example, gauge coupling unifications [24] [25] [26] , neutrino mass [27, 28] and fermion mass hierarchy [29] etc.
At the n th KK-level all the KK-state particles have the mass (m 2 + (nR −1 ) 2 ). Here, m is considered as the zero-mode mass (SM particle mass) which is very small with respect to corrections (which are finite and only non-zero for KK-excitations of gauge bosons) and second one is regarded as boundary localised corrections that proportional to logarithmically cut-off 2 scale (Λ) dependent terms. The boundary correction terms can be embedded as 4D kinetic, mass and other possible interaction terms for the KK-states at the two fixed boundary points (y = 0 and y = πR) of this orbifold. As a matter of fact, it is very obvious to include such terms in an extra dimensional theory like UED since these boundary terms have played the role of counterterms for cut-off dependent loop-induced contributions. In the minimal version of UED (mUED) models there is an assumption that these boundary terms are tuned in such a way that the 5D radiative corrections exactly vanish at the cut-off scale Λ. However, in general this assumption can be avoided and without calculating the actual radiative corrections one might consider kinetic, mass as well as other interaction terms localised at the two fixed boundary points to parametrise these unknown corrections. Therefore, this specific scenario is called as non-minimal UED (nmUED) [32] [33] [34] [35] [36] [37] [38] [39] [40] . In this scenario, not only the radius of compactification (R), but also the coefficients of different boundary localised terms (BLTs)
have been considered as free parameters which can be constrained by various experimental data of different physical observables. In literature one can find different such exercise regarding various phenomenological aspects. As for example limits on the values of the strengths of the BLTs have been achieved from the estimation of electroweak observables [38, 40] , S, T and U parameters [36, 41] , DM relic density [42, 43] , production as well as decay of SM Higgs boson [44] , collider study of LHC experiments [45] [46] [47] [48] [49] [50] , R b [51] , branching ratios of some rare decay processes e.g., B s → µ + µ − [52] and B → X s γ [53] , R D ( * ) anomalies [54, 55] , flavour changing rare top decay [56, 57] and unitarity of scattering amplitudes involving KK-excitations [58] .
In this article we estimate the contributions of KK-excited modes to the decay of B → X s + − in a 5D UED model with non-vanishing BLT parameters. Our calculation includes next-toleading order (NLO) QCD corrections. To the best of our knowledge, this to be the first article which deals with the decay B → X s + − in the framework of nmUED has not yet been presented in the literature. Considering the present experimental data of the concerned FCNC process we will put constraints on the BLT parameters. Furthermore, we would like to investigate how far the lower limit on R −1 to higher values can be extended using non-zero BLT parameters. Consequently, it will be an interesting part of this exercise is to see whether this lower limit of R −1 is comparable with the results obtained from our previous analysis [52, 53] or not? Several years ago the same analysis [59] has been performed in the context of minimal 2 UED is considered as an effective theory and it is characterised by a cut-off scale Λ.
version of UED model, however, the present experimental data have been changed with respect to that time. Therefore, it will be a relevant job to revisit the lower bound on R −1 in UED model by comparing the current experimental result [9, 11] with theoretical estimation using vanishing BLT parameters.
In the following section II, we will give a brief description of the nmUED model. Then in section III we will show the calculational details of branching ratio and Forward-Backward asymmetry for the present process. In section IV we will present our numerical results. Finally, we conclude the results in section V.
II KK-parity conserving nmUED scenario: A brief overview
Here we present the technicalities of nmUED scenario required for our analysis. For further discussion regarding this scenario one can look into [32] [33] [34] [35] [36] [37] [38] [39] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] . In the present scenario we preserve a Z 2 symmetry by considering equal strength of boundary terms at both the boundary points (y = 0 and y = πR). Consequently, KK-parity has been restored in this scenario which makes the LKP stable. Hence, this present scenario can give a potential DM candidate (such as first excited KK-state of photon). A comprehensive exercise on DM in nmUED can be found in [43] .
We begin with the action for 5D fermionic fields associated with their boundary localised kinetic term (BLKT) of strength r f [37, 43, [52] [53] [54] ]
where Ψ L (x, y) and Ψ R (x, y) represent the 5D four component Dirac spinors that can be expressed in terms of two component spinors as [37, 43, [52] [53] [54] 
f L(R) and g L(R) are the associated KK-wave-functions which can be written as the following [33, 38, 43, [52] [53] [54] 
for n even,
for n odd,
and
for n odd.
Normalisation constant (N f n ) for n th KK-mode can easily be obtained from the following orthonormality conditions [43, [52] [53] [54] πR 0
and it takes the form as
Here, m f (n) is the KK-mass of n th KK-excitation acquired from the given transcendental equations [33, 43, [52] [53] [54] 
Let us discuss the Yukawa interactions in this scenario as the large top quark mass plays a significant role in amplifying the quantum effects in the present study. The action of Yukawa interaction with BLTs of strength r y is written as [52] [53] [54] 
The 5D coupling strength of Yukawa interaction for the third generations are represented by
Embedding the KK-wave-functions for fermions (given in Eqs. 6 and 7) in the actions given in Eq. 5 and Eq. 13 one finds the bi-linear terms containing the doublet and singlet states of the quarks. For n th KK-level the mass matrix can be expressed as the following [52] [53] [54] 
Here, m t is identified as the mass of SM top quark while m f (n) is obtained from the solution of the transcendental equations given in Eq. 12. I 
The integral I nm 1
is non vanishing for both the conditions of n = m and n = m . However, for r y = r f , this integral becomes unity (when n = m) or zero (n = m). On the other hand,
is non vanishing only when n = m and becomes unity in the limit r y = r f .
At this stage we would like to point out that, in our analysis we choose a condition of equality (r y =r f ) to elude the complicacy of mode mixing and develop a simpler form of fermion mixing matrix [51] [52] [53] [54] . Following this motivation, in the rest of our analysis we will maintain the equality condition 3 r y = r f .
Implying the alluded equality condition (r y = r f ) the resulting mass matrix (given in Eq. 14) can readily be diagonalised by following bi-unitary transformations for the left-and right-handed fields respectively [52] [53] [54] 
with the mixing angle α tn =
. The gauge eigen states Ψ L (x, y) and Ψ R (x, y) are related with the mass eigen states T 
Both the physical eigen states T 1(n) t and T
2(n) t
share the same mass eigen value at each KK-level.
For n th KK-level it takes the form as
In the following we present the kinetic action (governed by SU (2) L × U (1) Y gauge group) of 5D gauge and scalar fields with their respective BLKTs [38, 51-54, 56, 60 ]
where, r W , r B and r φ are identified as the strength of the BLKTs for the respective fields. 5D
field strength tensors are written as 
where (V µ , V 4 ) generically represents both the 5D SU (2) L and U (1) Y gauge bosons.
Before proceeding further, we would like to mention a few important remarks which would aid the reader to understand the following field and the corresponding KK-wave function structure of the gauge as well as the scalar fields. We know that physical neutral gauge bosons generate due to the mixing of B and W 3 fields and hence the KK-decomposition of neutral gauge bosons become very intricate in the present extra dimensional scenario because of the existence of two types of mixings both at the bulk as well as on the boundary. Therefore, in this situation without the condition r W = r B , it would be very difficult to diagonalise the bulk and boundary actions simultaneously by the same 5D field redefinition 4 . Hence, in the following we will sustain the equality condition r W = r B [51-54, 56, 60] . Consequently, similar to the mUED scenario, one obtains the same structure of mixing between KK-excitations of the neutral component of the gauge fields (i.e., the mixing between W 3(n) and B (n) ) in nmUED scenario. Therefore, the mixing between W 3(1) and B (1) (i.e., the mixing at the first KK-level) gives the Z (1) and γ (1) .
This γ (1) (first excited KK-state of photon) is absolutely stable by the conservation KK-parity and it possesses the lowest mass among the first excited KK-states in the nmUED particle spectrum. Moreover, it can not decay to pair of SM particles. Therefore, this γ (1) has been played the role of a viable DM candidate in this scenario [43] .
In the following, we have given the gauge fixing action (contains a generic BLKT parameter r V for gauge bosons) appropriate for nmUED model [51] [52] [53] [54] 56 , 60]
where M W (M Z ) is the mass of SM W ± (Z) boson. For a detailed study on gauge fixing action/mechanism in nmUED we refer to [60] . The above action (given in Eq. 22) is somewhat intricate and at the same time very crucial for this nmUED scenario where we will calculate one loop diagrams (required for present calculation) in Feynman gauge. In the presence of the BLKTs the Lagrangian leads to a non-homogeneous weight function for the fields with respect to the extra dimension. This inhomogeneity compels us to define a y-dependent gauge fixing parameter ξ y as [51] [52] [53] [54] 56 , 60]
where ξ is not dependent on y. This relation can be treated as renormalisation of the gauge fixing parameter since the BLKTs are in some sense played the role of counterterms taking into account the unknown ultraviolet contribution in loop calculations. In this sense, ξ y is the bare gauge fixing parameter while ξ can be seen as the renormalized gauge fixing parameter taking the values 0 (Landau gauge), 1 (Feynman gauge) or ∞ (Unitary gauge) [60] .
In the present scenario appropriate gauge fixing procedure enforces the condition r V = r φ [51] [52] [53] [54] 56, 60] . Consequently KK-masses for the gauge and the scalar field are equal (m
and satisfy the same transcendental equation (Eq. 12). At the n th KK-level the physical gauge fields (W µ(n)± ) and charged Higgs (H (n)± ) share the same 5 mass eigen value and is given by [51] [52] [53] [54] 56 , 60]
Moreover, in the t-Hooft Feynman gauge, the mass of Goldstone bosons (G (n)± ) corresponding to the gauge fields W µ(n)± has the same value M W (n) [51-54, 56, 60] .
Additionally, we would like to mention that, as in the present article we are dealing with a process that involves off-shell amplitude, hence we need to use the method of background fields [59, 61] . We have already mentioned that the same decay process has already been calculated in the article [59] in the context of 5D UED and further the authors have also used the same background fields. For this reason, in the Appendix A of that article [59] the authors have discussed the background field method and also given the corresponding prescription for the 5D UED scenario. We can readily adopt this prescription in the present nmUED scenario because the basic structure of both these models are similar. We hence refrain from providing the details of this method in the present scenario. However, using that prescription (given in [59] ) we can easily evaluate the Feynman rules necessary for our present calculation. In Appendix B we give the necessary Feynman rules derived for the 5D background field method in the 5D nmUED scenario in Feynman gauge.
Up to this we provide the relevant information of the present scenario. At this stage it is important to mention that the interactions for our calculation can be evaluated by integrating out the 5D action over the extra space-like dimension (y) after plugging the appropriate ydependent KK-wave-function for the respective fields in 5D action. As a consequence some of the interactions are modified by so called overlap integrals with respect to their mUED counterparts. The expressions of the overlap integrals have been given in Appendix B. For further information of these overlap integrals we refer the reader to check [52] .
5 Similarly one can find the mass eigen values for the KK-excited Z boson and pseudo scalar A. Moreover, their mass eigen values are also identical to each other at any KK-level. For example at n th KK-level it takes the form as
The semileptonic inclusive decay B → X s + − is quite suppressed in the SM, however it is very compelling for finding NP signature. Therefore, several B-physics experimental collaborations (Belle, Babar) have been involved to measure several observables (mainly decay branching ratio, Forward-Backward asymmetry) associated with this decay process. In the context of SM, the dominant perturbative contribution has been evaluated in [62] and later two loop QCD corrections 6 have been described in the refs. [66, 67] . Since in this particular decay mode, a lepton-antilepton pair is present, therefore, more structures contribute to the decay rate and some subtleties arise in theoretical description for this process. For the decay to be dominated by perturbative contributions then one has to eliminate cc resonances that show up as large peaks in the di-lepton invariant mass spectrum by judicious choice of kinematic cuts.
Consequently this leads to "perturbative di-lepton invariant mass windows", namely the low di-lepton mass region 1 GeV 2 < q 2 < 6 GeV 2 , and also the high di-lepton mass region with
In this section we will describe the details of the calculation of the branching ratio and ForwardBackward asymmetry of B → X s + − in nmUED model. Since the basic gauge structure of the present nmUED model is similar to SM, therefore, leading order (LO) contributions to electroweak dipole operators are one loop suppressed as in SM. However, in the present model due to the presence of large number of KK-particles we encounter more one loop diagrams in comparison to SM. Hence, we will evaluate the total contributions of these KK-particles to the electroweak dipole operators and just simply add them to SM contribution. With this spirit following the same technique of the ref. [59] we will evaluate the Wilson Coefficients (WCs) of the electroweak dipole operators at the LO level. Then following the prescription of as given in [66, 67] we will include NLO QCD correction to the concerned decay process.
6 Research regarding higher order perturbative contributions has been studied extensively and has already reached at a high level accuracy. For example, one can find NNLO QCD corrections in [63] and including QED corrections in [64, 65] . Moreover, updated analysis of all angular observables in the B → X s + − decay has been given in [10] . It also contains all available perturbative NNLO QCD, NLO QED corrections and includes subleading power corrections.
III.1 Effective Hamiltonian for
The effective Hamiltonian for the decay B → X s + − at hadronic scales µ = O(m b ) can be written as [59] 
where G F represents the Fermi constant and V ij are the elements of Cabibbo-KobayashiMaskawa (CKM) matrix. In the above expression (Eq. 25) apart from the relevant operators 7 for B → X s γ there are two new operators [59] 
where V and A refer to vector and axial-vector current respectively. They are produced via the electroweak penguin diagrams shown in Fig. 1 and the other relevant Feynman diagrams needed to maintain gauge invariance (for nmUED scenario) has been given in [52] .
For the purpose of convenience the above WCs (given in Eq. 25) can be defined in terms of two new coefficientsC 9 andC 10 as [59, 67] 
where,C
The function Y (x t , r f , r V , R −1 ) in the context of nmUED scenario has been calculated in [52] .
θ w is the Weinberg angle and α represents the fine structure constant. The operator Q 10A
does not evolve under QCD renormalisation and its coefficient is independent of µ. On the other hand using the results of NLO QCD corrections toC 9 (µ) in the SM given in [66, 67] we can readily obtain this coefficient in the present nmUED model under the naive dimensional regularisation (NDR) renormalisation scheme as
The explicit form of the effective Hamiltonian for b → sγ is given in [53, 59] .
where,
The value 8 of P NDR 0 is 2.60±0.25 [59] and P E is O(10 −2 ) [67] . Using the relation given in [59, 67] we can express the function Z in nmUED scenario as
while the function C(x t , r f , r V , R −1 ) for nmUED scenario has been calculated in [52] . The functionη given in the Eq. 30 represents single gluon corrections to the matrix element Q 9 and it takes the form as [67] η
where α s is the QCD fine structure constant. The explicit form of the functions ω, h and other
WCs (e.g., given in Eq. 30) required for the present decay process have been given in Appendix
A. The functions D(x t , r f , r V , R −1 ) and E(x t , r f , r V , R −1 ) which we evaluate in this article are given in the following
and 
Now we will depict the nmUED contribution to the electroweak penguin diagrams. We have already mentioned that the KK-masses and couplings involving KK-excitations are non-trivially 8 The analytic formula for P NDR 0
has been given in [67] .
modified with respect to their UED counterparts due to the presence of different BLTs in the nmUED action. Therefore, it would not be possible to obtain the expressions of D and E functions in nmUED simply by rescaling the results of UED model [59] . Consequently, we
independently for the nmUED scenario. These functions (D n and E n ) represent the KK-contributions for n th KKmode which are computed from the electroweak penguin diagrams (given in Fig. 1 terms to zero i.e., r f , r V = 0. To this end, we would like to mention that in our calculation of one loop penguin diagrams (in order to measure the contributions of KK-excitation to the decay of B → X s + − ) we consider only those interactions which couple a zero-mode field to a pair of KK-excitations carrying equal KK-number. Although, in nmUED scenario due to the KK-parity conservation one can also have non-zero interactions involving KK-excitations with KK-numbers n, m and p where n + m + p is an even integer. However, we have explicitly checked that the final results would not change remarkably even if one considers the contributions of all the possible off-diagonal interactions [51] [52] [53] .
For the n th KK-level the electroweak photon penguin function (which is obtained from penguin diagrams given in Fig. 1 ) takes the form as
while the function E n (x t , x f (n) , x V (n) ) is regarded as the corresponding contribution for gluon penguins given by the first two diagrams of Fig. 1 . The expression of the function
in nmUED is given as the following
In the above expressions, I 
III.2 The Differential Decay Rate
We are now in a stage where on the basis of effective Hamiltonian given in Eq. 25 we can readily define the differential decay rate in the NDR scheme [66, 67] 
Here,
is the phase-space factor and
represents the single gluon QCD correction to b → ceν decay [70, 71] with z = mc m b
. The function
where,C 
III.3 Forward-Backward Asymmetry
For the present decay process B → X s + − another observable called Forward-Backward asymmetry could be instrumental for the detection of NP scenario. It is non-zero only at the NLO level. The unnormalised expression is given as [72] A
Here, θ represents the angle of the + with respect to b-quark direction in the centre-of-mass system of the di-lepton pair. The normalised form can be expressed as
while the global Forward-Backward asymmetry in a region q 2 ∈ [a, b] GeV 2 can be defined
In the following section we will present the numerical estimation of these observables for the allowed parameter space in nmUED scenario.
IV Analysis and results
The effective Hamiltonian (given in Eq. 25) required for the decay B → X s + − contains different WCs and in our analysis we evaluate KK-contributions to each of these coefficients at each KK-level. In this article, for the first time we have evaluated coefficients of electroweak dipole operators (corresponding KK-contributions at n th KK-level are D n (x t , x f (n) , x V (n) ) and
given in Eqs. 38 and 39 respectively) depend on gauge boson as well as fermion KK-masses 9 in the nmUED scenario. Furthermore, other coefficients needed for the concerned decay process in nmUED scenario have been given in our previous articles [52, 53] .
At this point we would like to mention that, considering the analysis of the effect of SM Higgs mass on vacuum stability in UED model [74] , we sum the KK-contributions up to 5 KK-levels 10 and finally we add up the total KK-contributions with the SM counterpart. In fact, we have explicitly checked that the numerical values would not differ remarkably as the sum over the KK-modes, in this case, is converging 11 in nature. In support of our assumption, at the end of the following subsection, we will present two tables (Tables 2 and 3 ) which will ensure the insensitivity on the number of KK-levels in summation. 9 We use M W = 80.38 GeV for SM W ± gauge boson mass and m t = 173.1 GeV for SM top quark mass as given in ref. [73] . 10 Analysis in earlier articles used 20-30 KK-levels while adding up the contributions from KK-modes. 11 The summation of KK-contribution is convergent in UED type models with one extra space-like dimension, as far as one loop calculation is concerned [75] .
IV.1 Constraints and choice of range of BLT parameters
Here we briefly discuss the following constraints that have been imposed in our analysis.
• In the context of nmUED scenario, thorough analyses on the above mentioned rare decay processes have been performed in refs. [52] and [53] respectively. Using the expressions of Br(B s → µ + µ − ) and Br(B → X s γ) given in [52] and [53] we have treated the branching ratios of these rare decay processes as constraints in our present analysis.
• Electroweak precision test (EWPT) has been played very important and essential tool for constraining any kind of BSM physics. In the nmUED model, corrections to PeskinTakeuchi parameters S, T, and U appear via the correction to the Fermi constant G F at tree level. This is a remarkable contrast with respect to the minimal version of the UED model where these corrections appear via one loop processes. Detail study on EWPT for the present version of nmUED model has been provided in [52, 54] . Following the same approach given in refs. [52, 54] we have applied EWPT as one of the constraints in our analysis.
To this end, we would like to mention the range of values of BLT parameters used in our analysis.
In general BLT parameters may be positive or negative. However, it is readily evident from Eq. 11 that, for r f /R = −π the zero-mode solution becomes divergent and beyond r f /R = −π the zero-mode fields become ghost-like. Hence, any values of BLT parameters lesser than −πR should be discarded. Although, for the sake of completeness we have shown numerical results for some negative BLT parameters. However, analysis of electroweak precision data [52, 54] disfavours large portion of negative BLT parameters.
IV.2 Numerical results
We are in a position, where, we would like to present the primary results of our analysis.
IV.2.1 Branching ratio
In Figs. 2 and 3 we have depicted the variation of branching ratio of B → X s + − as a function of scaled BLT parameters (R V ≡ r V /R and R f ≡ r f /R) and inverse of the radius of If we focus on a particular curve specified R V and R f , then we observe that the branching Therefore with the increasing values of KK-masses, the one loop functions involved in this decay process are suppressed, which in turn decrease the decay width (and branching ratio).
Further, depending on the BLT parameters, after a certain value of R −1 the branching ratio asymptotically converges to its SM value as R −1 → ∞. This behaviour clearly indicates the decoupling behavior of the KK-mode contribution.
Moreover, it is clearly evident from the Figs. 2 and 3 that branching ratio of B → X s + − increases with the increment of both of the BLT parameters. For example, if we concentrate on a particular panel specified by a fixed value of R V then one can see that, with the increasing values of R f the branching ratio is enhanced. The reason is that, with the increasing values of R f , KK-fermion masses decrease, consequently the loop functions are enhanced. Therefore, the branching ratio increase with higher values of R f . At the same time, if we look at all the panels of any particular figure (either Fig. 2 or Fig. 3 ) then we will readily conclude that the other BLT parameter R V affects the branching ratio in a similar manner like R f . However, the branching ratio is a bit extra sensitive to the variation of R f rather than R V . It can be explained by observing the interactions which are involved in this calculation listed in Appendix B. Table 2 ) when we consider the sum up to 5(20) KK-levels. On the other hand lower limit on R −1 changes to > 760(770) GeV for R f = R V = 6 (see Table 2 ).
In the case of other region of q 2 (∈ [14.4, 25] GeV 2 ), the lower limits on R −1 for the above mentioned BLT parameters changes to > 570(580) GeV (see Table 3 ) and > 720(730) GeV (see Table 3 ), respectively for the KK-sum up to 5(20) level. We have obtained these limits on R In Table 2 and Table 3 (for two different regions of q 2 ) we have enlisted specific values of lower limits on R −1 corresponding to different choices of BLT parameters. The numbers in the tables (Table 2 and Table 3 ) also indicate that our results are not very sensitive to the number of KK-levels considered in the sum while calculating loop diagrams corresponding to different WCs.
In the left and right panels of To this end, we would like to mention that, as per as the BLT parameters are concerned there is no sharp contrast in behaviour of decay branching ratio between two different regions of q 2 . However, the lower limits of R −1 which we have obtained from our present analysis are slightly different for two different regions of q 2 . In the case of low q 2 region (∈ [1, 6] GeV 2 ) the lower limit is higher than that of the case in high q 2 region (∈ [14.4, 25] GeV 2 ). For example (considering only 5 KK-level sum), in the low q 2 region if we set R V = 4, R f = 2 the lower limit on R −1 is 536.38 GeV while for the same set of BLT parameters R −1 is 476.01 GeV for the high q 2 region. This feature is true for all combinations of BLT parameters. This feature indicates that, in the second case, masses of the KK-particles which are involved in the loop diagrams are relatively lighter with respect to the first case. This behaviour is quite expected, because in the second case the phase space suppression is larger with respect to first one, hence to compensate this suppression one requires relatively lighter mass particles which are involved in the loop diagrams needed for the calculation of different WCs.
• Revisit at the lower limit on R −1 obtained from B → X s + − in UED scenario
Before we proceed any further, we would like to revisit the lower limit on R −1 obtained from our analysis in the UED scenario considering the current experimental results of the branching ratio of B → X s + − . We can obtain the UED results from our analysis in the limit when both the BLT parameters vanish, i.e., for R V = R f = 0. In this limit KK-mass for n th KK-level simply becomes nR −1 . Moreover, the overlap integrals I n 1 and I n 2 become unity. Hence, under this circumstance, the functions D n (x t , x f (n) , x V (n) ) and E n (x t , x f (n) , x V (n) ) given in Eqs. 38 and 39 would transform themselves into their UED forms. We have explicitly checked that in this vanishing BLT limit the expressions of the functions
are identical with the forms that given in ref. [59] 12 . Under the same vanishing BLT limit condition, similar transformation is also applicable for other functions (e.g., C n , Y n , D n and E n which have been calculated in our previous articles [52, 53] ) required for the present calculations.
Now from our present analysis we can readily derive the lower limit on R −1 from the Tables 2   and 3 . That is for R V = R f = 0, the value of lower limit on R could play crucial role for the defined asymmetry.
In the case of low q 2 region, apart from the factor of we look at the all panels, then we can readily infer that the above mentioned effects due to R f are slightly magnified by increasing values of R V . At this point we would like to point out that, using this asymmetry we can maximally achieve the lower limit on R −1 up to 600 GeV. This limit can be obtained by comparing the theoretically estimated value of Forward-Backward in the present nmUED model with 1σ lower bound of the corresponding experimental data.
However, this value is not so competent with one that we have obtained from the branching ratio. On the other hand for high q 2 region, the factor For the present decay process in order to maintain preturbativity, one has to impose appropriate choice of kinematic cuts to eliminate cc resonances which shows large peaks in the di-lepton invariant mass spectrum. Consequently, this gives two distinct perturbative di-lepton invariant mass square regions, called the low di-lepton mass square region 1 GeV 2 < q 2 < 6 GeV 2 , and also the high di-lepton mass square region with q 2 > 14.4 GeV 2 . In these two regions, experimental data for branching ratio as well as Forward-Backward asymmetry are available for the decay B → X s + − . However, there exists only a narrow window between the Standard Model prediction and the experimental data for both the regions and for both quantities (branching ratio and Forward-Backward asymmetry). Comparing our theoretical predictions with the corresponding experimental data (with 1σ error bar) we have constrained the parameter space of the present version of non-minimal Universal Extra Dimensional scenario. During our analysis we have used the branching ratios of some rare decay processes such as B s → µ + µ − and B → X s γ as well as electroweak precision data as constraints.
As we have already mentioned that from our analysis we can also reproduce the results of the minimal version of Universal Extra Dimensional scenario by setting the BLT parameters as zero (i.e., R f = R V = 0). Hence from our analysis we have revisited the lower limit on R Dimensional scenario. For example, for R V = 6 and R f = 6 using branching ratio we obtain the lower limit of R −1 ≥ 760 GeV for the low q 2 region while the limit changes to R −1 ≥ 720 for high q 2 region. Obviously these results in the context of non-minimal Universal Extra Dimensional scenario is very promising because it excludes a large portion of the parameters space of the present scenario. Also the obtained lower limit on R −1 is in the same ball park as the limit obtained from previous analysis on B s → µ + µ − [52] in non-minimal Universal Extra Dimensional scenario. Furthermore, from Fig. 4 it is clearly evident that the lower limits on The values of a i , h i andh i can be obtained from [59] . The functions D (x t , r f , r V , R −1 ) and E (x t , r f , r V , R −1 ) are the total (SM+nmUED) contributions at the LO as given in [53] .
B Feynman rules for B → X s + − in nmUED
In this Appendix we have given the relevant Feynman rules for our calculations. All momenta and fields are assumed to be incoming.Â represents background photon field. 1)Â µ W ν± S ∓ : g 2 s w M W (n) g µν C, where C is given in the following:
where g 2 is represent the SU (2) gauge coupling constant while s w is denoted as sin of Weinberg angle (θ w ).
2)Â µ S ± 1 S ∓ 2 : −ig 2 s w (k 2 − k 1 ) µ C, where C is given in the following:
where the scalar fields S ≡ H, G. -15) 4)Â µ f 1 f 2 : ig 2 s w γ µ C, where C is given in the following:
3)Â
: C = 0.
(B-16) 5) G µ f 1 f 2 : ig s T a αβ γ µ C, where C is given in the following:
(B-17)
, where C L and C R are given in the following: (B-18)
where C L is given in the following: 19) where the fermion fields f ≡ u, d, T 
